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A comparison of the reactions yp m+g and m-p po~ at 4 and 8 GeV/e has been made
using the vector-dominance model. Although the p data are insufficient to show the very
narrow forward peak observed in the photoproduction data, agreement is obtained to with-
in errors for

~ t~ 0.1 (GeV/c) . Taking interference effects into account, this agreement
can be extended to

~ t~ = 1.5 (GeV/c)~ at 4 GeV/c, but only to 0.3 (GeV/c)2 at 8 GeV/c.
The reactions Various modifications to the ratios have been

proposed' but the V=p' amplitude of Fig. 1(a) isy -r'n
expected to be dominant, in which case the rela-
tion between processes (1) and (2) becomes'~'

(2)

(where V' is a mixture of p', cu, and y) can be di-
rectly related to one another in the vector-domi-
nance model' by time-reversal and isospin in-
variance as shown schematically in Fig. 1. The
z-ray-vector-meson couplings y~ can in princi-
ple be obtained from the leptonic decays V'- l l
up to now only the decays p'- e+e and p'- p,

+
p.

have been well measured, giving

y '/4 =0.45
P 7T

with perhaps a 20% uncertainty. s The couplings
y~ and y& can be estimated using SU(3) with the
usual ~cp mixing angle' (cos& =&/):

y 'y 'y 2=91 2
P (d
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da + me hei der — 0
dt (yP —& n) =

2 pxi (f) d, (~ P -P n),
p

where we will take wn/y&'--I/250 and p» (t) is
the helicity density matrix' giving the fraction of
p mesons with helicity +1 at momentum transfer

M y e / 2. y' y

(b)

FIG. 1. Feynman diagrams showing the relationship
between Reactions (1) and (2) in the vector-dominance
n10del.
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t. The factor p,Pel(t) is necessary since the in-
coming y ray, and thus the virtual V=p in Fig.
1(a), can only have helicity +1.

Previous comparisons using Eq. (5) have been
made. ' In this Letter we compare in detail (with
more statistics and a more careful analysis of
the p' data than was used in the previous compar-
isons) the experimental data on Reactions (1)'~"
and (2)"~" near 4- and 8-GeV/c incident momen-
tum.

The evaluation of the right-hand side of Eq. (5)
is made difficult by the background process m-P
-m+w n, where the m+~ do not form a p', i.e. ,
do not have J+=1 . Using data at all values of t,
a fit to the w ~ mass distribution was made us-
ing three-body phase space plus two Breit-Wig-
ner curves, one for the p' and one for the f. The
fraction of 4-GeV/c events fitted as p' events
fluctuated by +6% depending on the exact form
taken for the Breit-Wigner resonance shape; the
shape giving the best fit indicated that 40% of all
n+m n events were p'n. " The ~+~ mass distri-
bution was examined for each t interval of inter-
est; the fraction of events in the interval 700
~Mz~ ~850 MeV attributable to p' production (80
to 85 jo) was found to be independent of t (to with-
in statistics), and we have calculated do/dt for
p production from the r"umber of events with

ME s in this region (normalized to the total p'
cross section).

Previously published values ~
' of the p densi-

ty matrices were evaluated with polar direction
along the incident beam (Jackson direction) in-
stead of along the p' direction of motion (heli. city
direction). One is tempted to argue that since
we are primarily interested in the low-f, region,
the difference between the two frames cannot be
large. However, numerical evaluation of the an-
gle between the two frames shows a large effect,
the angle increasing rapidly from 0 at t =tmjn to
about 45' at I t I = 0.1 (GeV/c)' (independent of en-
ergy above 2 GeV) and then less rapidly to 90' at
I t!=0.5 (GeV jc)e. In principle, the density ma-
trix in the Jackson frame could be rotated by the
angle between the two frames to obtain phel(t):
We have found that due to substantial off-diago-
nal-error matrix elements, the direct fit to the
angular distribution in the helicity frame gives
values which are slightly different from the re-
sults obtained from a rotation assuming uncorre-
lated errors. In what follows, we have used the
va, lues of p, pel(t) obtained from direct fits to the
data. The 8-GeV/c results for p, pel(t) are
shown in Fig. 2; the 4-GeV/c results will be pub-
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FIG. 2. Values of p&~ (t) obtained by fitting the 8-
GeV/c p -decay angular distributions in the helicity
frame.

lished elsewhere. "
In order to minimize the non-p background, on-

ly events with 700-M qq 850 MeV w ere us ed to
evaluate p„hei(t); in this region 15 to 20 jo of the
events are non-p. At 4 GeV/c there were suffi-
cient data to check that p»hei(t) was not being
distorted by the non-p events in the p mass re-
gion. For this purpose p, Pel(t) was evaluated
for events with M~z from 575 to 675 and 875 to
975 MeV; the resulting values for p» l(t) agreed
with those for the p region to within statistics
(typically 20 or 30%%uo at individual t values) with
no systematic differences observed. For this
reason we do not believe that the background of
non-p events presents a serious difficulty to the
analysis,

The 5- and 8-GeV photoproduction data' are
shown in Fig. 3, where the 5-GeV photoproduc-
tion data have been extrapolated to 4 GeV by as-
suming do/dt to go as k ' as indicated by a com-
parison of the Deutsches Elektronen-Synchrotron
data" at 2.7 GeV with the Stanford Linear Accel-
erator Center 5-GeV data. The data are plotted
as a. function of lt —tminl"', which at small an-
gles is proportional to the production angle. "
The photoproduction predictions obtained from
the p' data using Eq (5) are also shown in Fig. 3.
The errors shown in Fig. 3 are statistical only;
when comparing the experimental data with the
vector-dominance prediction one must keep in
mind the 12% systematic uncertainty in the photo-
production data and the 15% systematic uncer-
tainty in p, pel(do'/dt) for p' production as well
as the uncertainty in yp'.

General agreement between the vector-domi-
nance prediction and the photoproduction data is
obtained at both energies for I tl -0.1 (GeV/c)'.
At larger momentum transfers the prediction
from p' production falls below the observed yP- ~+n cross section. Some of this discrepancy
can be removed by considering the interference
effects from the amplitude with V =~. These ef-
fects can be directly estimated from the ratio of
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Neglecting tA), we then have

1 da + do
I A I
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cross sections

dv(yd-p pn)/dt'
R=-

dc(yd- n nn+)/dt
S

(where subscript s indicates a spectator nucle-
on). Assuming that the photoproduction ampli-
tudes A& and A&, corresponding to Fig. 1(a) with
~ =p' and V' = ~, are dominant for single-pion
photoproduction, " isospin invariance gives

do'—(yp - 7(+n) = I A +A
dt & p

(7)

—(yn-n p)=IAde 2

dt (d P
(8)
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FIG. 3. Comparison of the two sides of Eq. (5) at (a)
4 GeV/c (the 5-GeV/c photoproduotion data have been
extrapolated to 4 GeV/c) and (b) 8 GeV/c. As dis-
cussed in the text, interference terms between the V
=p and V =& amplitudes can be eliminated by taking
2[do'(yp —TT+n)/dt+do'(yn TF p)/dt) = SE(1+R) do'(yp
—TT+n)/dt, where R is the TF /TT+ ratio for photoprodue-
tion of single 7t mesons from deuterium. For this rea-
son the prediction based on the p data should be com-
pared with the dashed line which includes the factor
2, (1+8)=0.7 as measured by Bar-Yam et al. (Ref. 17)
at 3.4 QeV; this correction factor is expected to tend
toward unity at small t.

Thus, the prediction for photoproduction shown
in Fig. 3 based on p' production should be com-
pared with the quantity shown on the right-hand
side of Eq. (9).

The ratio R has been measured by Bar-Yam et
al."at 3.4 GeV. They found R =0.35 at t t )=0.4
(GeV/c)', increasing to 0.5 at It I =1.5 (GeV/c)',
for the Ap and A+ amplitudes in phase, this
gives r = iA(ci /IApl =0.25 and 0.17, respectively.
Although the V'=e amplitude squared is then on-
ly 4%% of the V'=p' contribution, the interference
term is nearly half as large as the p' term by it-
self. Using the experimental numbers for R, the
coefficient 2(1+R) is typically 0.7 and the dashed
curves in Fig. 3 correspond to this factor, as
measured at 3.4 GeV/c, times the yP —m+n cross
section. At small t the one-pion-exchange term
(V'= p') might be expected to dominate to the ex-
tent that R would be close to unity in this region.

The magnitude of the amplitude ratio x can be
understood qualitatively on the basis of vector
dominance. Experimental data on mN- xN are
rather sparse, "but the cross section appears to
be roughly a factor of 3 smaller than that for p'
production with a somewhat wider t distribution
than that of the p'. If we arbitrarily assume that
p»" is roughly the same for p' and v produc-
tion and neglect the difference in t distributions,
then the ratio r becomes [using Eq. (4)]

hei
yp &'ll.

~ 0.2
hei

lip p

in good agreement with the values quoted above.
The backward v+ photoproduction data at 4.3

GeV/c of Anderson et al. ' can also be compared
with the 4-GeV/c p' data. " Both sets of data
show a broad backward peak, but the p' helicity-
one cross section is twice that predicted by Eq.
(5). In the 8-GeV/c p' data" only one event is
found in the backward direction with Mz~ between
700 and 850 MeV, compared with the four p'&s

which might be expected [using the photoproduc-
tion datato and Eq. (5) with p» ——0.25]. The
vector-dominance comparison in the backward
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direction is thus inconclusive as a result of the
poor statistics and the possibility of large effects
from the co amplitude; while the p' helicity-one
cross section may have the appropriate order of
magnitude in the backward direction, it appears
to fall faster with increasing energy than expect-
ed.

The agreement over the wide range of t shown
in Fig. 3 is the result of p» l increasing rapid-
ly at small t to counteract the e-10I tI falloff of
do/dt for p' production, the product yeilding a
dependence close to the e —3 t I observed in photo-
produetion. A similar result has been obtained
at lower energies. " Even after correcting for
the V =&a interference there is a discrepancy at
8 GeV/c for large t. While some of this discrep-
ancy seems to be the result of statistical fluctua-
tions, the p' helicity-one cross section does ap-
pear to fall somewhat faster at large t than that
for single-pion photoproduction. This discrepan-
cy may indicate the need for corrections result-
ing from the virtual p in Fig. 1(a) being off the
mass shell, or may simply be some background
amplitude which eventually becomes important
as t is increased.
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